INTRODUCTION {#sec1-1}
============

Central venous cannulation (CVC) is frequently required during the management of critically ill patients. In patients with liver disease, CVC is an important intervention for fluid management, administration of vasoactive drugs and concentrated glucose solution as well as for performing specialized procedures such as transjugular liver biopsies and measuring hepatic venous pressure gradient, apart from its other common indications.\[[@ref1]\]

Insertion of CVC has its known complications, both vascular and non-vascular. Patients with deranged coagulation are considered to be at higher risk of vascular complications and it is commonly assumed that transfusion of Fresh-Frozen Plasma (FFP) and/or platelets would lower this risk.\[[@ref2]\] It is a standard practice to correct coagulopathy by transfusing FFP/platelets prior to attempting CVC.\[[@ref3]\] However, this practice has little scientific basis,\[[@ref2][@ref3]\] especially in patients with liver disease. There is ample evidence in literature to suggest that deranged coagulation parameters are not predictive of bleeding complications and preprocedural correction of coagulation abnormalities is not always warranted.\[[@ref1][@ref3][@ref4][@ref5][@ref6]\] The practice of empirical correction of coagulopathy by transfusing FFP/platelets in patients with liver disease besides adding to the cost of care also causes volume overload and exposes patients to inherent risks of transfusion of blood products.

The incidence of complications of CVC has further declined in recent years with the introduction of ultrasound guidance (USG) cannulation. The rate of major and minor vascular complications with landmark technique ranges from 6% to 25% in the literature whereas the same for USG-CVC ranges from 0.4% to 1.4% in patients with normal coagulation profile.\[[@ref7][@ref8][@ref9][@ref10]\] Many professional societies have recommended USG-CVC as a norm if USG is readily available.\[[@ref10][@ref11][@ref12]\]

Patients with chronic liver disease (CLD) have a rebalanced coagulation as there is reduction in both procoagulants and anticoagulants.\[[@ref13]\] This implies that there is a restored balance of hemostasis due to concomitant reduction in procoagulant and anticoagulant factors. Contrary to earlier belief CLD patients are not considered an epitome of bleeding disorders.\[[@ref14]\] Of the many studies conducted to evaluate the safety of CVC in patients with altered coagulation only a few have been conducted in patients with liver disease.\[[@ref4]\]

In patients with liver failure, prothrombin time (PT) serves as a marker of disease progression and forms an important criteria for deciding treatment options.\[[@ref15]\] Since administration of FFP could confound the decision making process, it is an institutional policy to avoid transfusions for correction of PT unless indicated. Transfusions are avoided prior to minimally invasive procedures such as CVC which can be performed under USG imaging. The internal jugular vein (IJV) is usually preferred over the subclavian and femoral veins for CVC under USG due to its ease of visualization and amenability to external compression in case of vascular puncture and hematoma formation.

In patients with liver disease with deranged coagulation, who require a liver biopsy, transjugular liver biopsy (TJLB) is considered a safer alternative to the traditional method of percutaneous liver biopsy. Using a transvenous approach, the biopsy needle is inserted into the liver via the hepatic vein, avoiding the peritoneum and the liver capsule. Thus, if there is any bleeding related to the procedure, it bleeds back into the venous system.\[[@ref16]\] The transjugular route is preferred over the transfemoral for taking the liver biopsy at our centre and hence in all patients scheduled for TJLB, it is a standard practice to insert 10F sheath in the right IJV under USG.

We performed an audit to evaluate the incidence of major and minor vascular complications after USG-CVC in patients with liver disease and to observe if these complications correlated with conventional coagulation parameters (CCP) measured in these patients.

MATERIALS AND METHODS {#sec1-2}
=====================

An audit of all USG-CVC was performed in adult patients with liver disease between September 2011 and August 2012. After approval from institutional ethics committee, data was collected for all adult patients (age \>18 years) of both gender, suffering from liver disease (acute or chronic) with coagulopathy, who underwent USG-CVC. Only those USG-CVC which were carried out in elective setting by trained anesthesiologists with 5 years of work experience in the specialty along with an experience of at least 50 USG-CVC were included in the study. Coagulopathy was defined as having international normalized ratio (INR) \>1.5 and/or platelet count \<100,000/cu mm.\[[@ref4][@ref17]\] Laboratory reports were consulted and data was retrieved from hospital data base. Patients who had received platelet and/or FFP transfusion for correction of coagulopathy were excluded from the study. Patients with active bleeding, unstable hemodynamic parameters, those on anticoagulation therapy, and with other known blood dyscrasias like hemophilias and Von Willebrand\'s disease were excluded.

All CVCs in the department were conducted under real time US guidance (LOGIQ e GE Healthcare 9900 Innovation Drive, Wauwatosa, WI 53226, U.S.A with 12L linear array probe) and internal vein was cannulated using either a 7Fr Triple lumen catheter (Arrow-Howes^™^ Multilumen catheter, Arrow International, 2400 Bernville Road, PA 19605, U.S.A) or 10Fr sheath for TJLB (INPUT^™^ Introducer Sheath, Medtronic Inc., 710 Medtronic pathway, MN 55432, U.S.A). As per protocol, check bedside chest radiograph in sitting posture was done after cannulation and all patients were followed up for 24 h for development of any complication. Data regarding patient\'s age, gender, diagnosis, etiology, child status, decompensation of liver disease namely presence of jaundice, ascites, hepatic encephalopathy was noted, along with laboratory reports of PT/INR, Platelet count, site of cannulation, number of attempts, arterial puncture and complications were recorded from hospital database for all procedures. The complications were classified as vascular (arterial puncture, superficial hematoma, ooze and hemothorax) and non-vascular (pneumothorax, nerve injury, malpositioning). The vascular complications were further divided into minor (hematoma, ooze) and major (for which active medical intervention was required like blood transfusion, chest drain insertion). Significant ooze was defined by persistence of ooze even after 15 min of digital compression or requiring change in dressing for \>3 times in 24 h. Hematoma was defined as development of swelling of size \>2 cm, at site of skin puncture.

Statistical analysis {#sec2-1}
--------------------

Data was entered in statistical software package (SPSS, version 22.0, Chicago, IL, USA) and analyzed. Descriptive statistics are presented as proportions and mean ± standard Deviation. For categorical variables Chi-square test was used while student *t*-test was used for comparison of continuous variables. The conditional univariate logistic regression analysis was used to calculate the significance level (unadjusted odds ratio \[OR\] and confidence intervals) of each variable in the study. A multivariate forward stepwise logistic regression analysis taking inclusion and exclusion criterion of 0.05 and 0.10, respectively, was also performed. Receiver operator curve (ROC) was plotted for significant variables and youden\'s index was calculated to determine significant cut-offs.

RESULTS {#sec1-3}
=======

A total of 421 patients were included in the study and data of 699 USG-CVC was recorded. [Table 1](#T1){ref-type="table"} provides the basic demographic profile of our patients. The mean age of the patients was 42.1 ± 11.6 years. Most of our patients had CLD (69.3%) followed by acute on chronic liver failure (21.4%) and acute liver failure (9.3%). Mean INR was 2.17 ± 1.16 whereas median platelet count was 149.5 (range, 12-683) × 10^9^/L. About 40% of our patients had severe liver disease with a Child C status. Of all the USG-CVC (699), right IJV was cannulated in 85.6% cases and left IJV was cannulated in 14.4% cases. 140 cannulations (20.02%) were done using 10 Fr sheath for TJLB whereas the rest were done using 7 Fr triple lumen line (79.97%).

###### 

Demographic and baseline characteristics of patient population (*n* = 421)
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Technical success was achieved in 100% of the cases. 86.3% of the cannulations were successful in single attempt with average number of attempt being 1.6 ± 0.51. Overall incidence of arterial puncture was 1.3%. There was no major vascular or non-vascular complication recorded in our patients. Overall incidence of minor vascular complication was 18.6% of which 13% had significant ooze, 10.3% had hematoma formation and 4.7% had both hematoma and ooze. [Table 2](#T2){ref-type="table"} describes minor vascular complications according to site and other possible risk factors. Multivariate logistic regression analysis showed that arterial puncture and multiple attempts were independent risk factors for superficial hematoma formation whereas low platelet count and presence of ascites came out as independent risk factors for significant oozing. 3.3% of the central lines were found to be misplaced on the check chest X-ray. [Figure 1](#F1){ref-type="fig"} provides the ROC predicting hematoma formation and ooze for INR and platelet count, respectively. Calculating youden\'s index for each ROC provides INR of \>3 and platelet count \<30,000/μL as cut-offs. [Table 3](#T3){ref-type="table"} describes the coagulation indices of patients with and without vascular complications.

###### 

Incidence of minor vascular complication along with associated risk factors
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![Receiver operating curves for international normalized ratio to predict hematoma formation and for platelet counts to predict oozing](SJA-9-155-g003){#F1}

###### 

Correlation of age, CTP and coagulation indices with minor vascular complications (hematoma, ooze or both)
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DISCUSSION {#sec1-4}
==========

Safety of CVCs in patients with coagulation abnormalities has been a subject of active research in the past. Despite presence of various studies on its safety there are no clear cut guidelines.\[[@ref18]\] The American Society of Anesthesiology task force guidelines on perioperative blood transfusion and adjuvant therapies in 2006 provides thresholds for management of coagulation in perioperative period but does not address specific procedures.\[[@ref19]\] It is known that indication for preprocedural correction of coagulopathy depends on invasiveness of the procedure, easy detection and controllability of bleeding complication.

Guidelines specific to USG-CVC are given by cardiovascular and intervention radiological society of Europe also endorsed by Agency for Healthcare Research and Quality. These guidelines mandate correction of coagulation to an INR of \<1.5 and platelet count of \>50,000/μL.\[[@ref20]\] However the two systematic reviews on which these guidelines are based remains inconclusive. Stanworth *et al*. reported a review of 57 randomized controlled trials investigating the efficacy of FFP to prevent hemorrhagic complications over a wide variety of indications and clinical settings, including cardiac surgery. They found the data insufficient to recommend or refute the prophylactic use of FFP. Because of the lack of data, percutaneous procedures were not included in this comprehensive review. They concluded that there is a clear need for additional investigation of the use of FFP with image-guided procedures.\[[@ref21]\] In the other review, Segal *et al*.\[[@ref2]\] concluded that elevated coagulation parameters provide little to no predictive value for bleeding complications from image-guided interventions. They assert that, in the absence of randomized controlled studies, mild to moderate elevation of coagulation times should neither be assumed to represent an increased risk for peri-procedural bleeding nor be used as an indication for transfusion of FFP or clotting factor concentrates.\[[@ref2]\]

Of all the studies conducted in patients with deranged coagulation only a few address patients with liver disease. Fisher and Mutimer in the largest prospective study in 580 patients with liver disease used the landmark technique for CVC. Majority of his patients (68.84%) had both a platelet count \<150,000/μL and an INR of ≥1.5. Only one patient had major bleeding (0.2%) as a result of inadvertent puncture of the carotid artery. The authors concluded that CVC can be performed safely by experienced physicians in the presence of abnormal coagulation parameters.\[[@ref4]\]

In our study we collected data on USG-CVC for a similar subset of patients and observed them for the next 24 h to document the incidence of major and minor vascular complications. We found that USG CVC is highly successful and relatively safe in patients with liver disease. There were no major vascular and non-vascular complications noted. The overall incidence of minor vascular complications was 17.7% (Ooze, 13% and Hematoma, 10.3%). This was higher when compared with USG-CVC in patients with normal coagulation where these complications ranged between 0.4% and 1.4% for ooze and 0.4-1% for hematoma.\[[@ref9][@ref10]\] A significant number of patients in our study had previous history of recent cannulation and partial thrombus at the time of cannulation. This might explain a relatively high attempt rate (1.6 ± 0.51) in an USG technique during which although the needle would puncture the vein in a single attempt but there is no blood flow on aspiration. The exact incidence of thrombus formation was not recorded but it was realized in hindsight that this is fairly common in our set of patients. We thus recommend routine use of color Doppler while performing USG-CVC. Also there is high incidence of double wall puncture during USG-CVC which may have led to higher incidence of ooze and hematoma. However these minor vascular complications could be easily managed and did not require special medical intervention.

Right IJV cannulation was attempted in these patients first. In case of failure or contraindication to right IJV cannulation, left IJV cannulation was done. The site of cannulation was decided keeping in view lower incidence of complications in the presence of coagulopathy and amenability to USG.

Patients with liver disease are no longer considered to be hypocoagulopathic. Instead a newer concept of rebalanced coagulation is finding greater acceptance among the fraternity.\[[@ref22]\] Clinically, this rebalanced hemostatic system is reflected by the large proportion of patients with liver disease who can undergo major surgery without any requirement for intraoperative blood products.\[[@ref23]\] Despite this understanding, it is common practice in many centers to prophylactically correct a prolonged PT and activated partial thromboplastin time before invasive procedures by administration of FFP. Blood product use in patients with liver disease is substantial with a significant proportion being used prophylactically, although exact ﬁgures have not been reported.\[[@ref24]\] A recent survey on the use of blood products indicated that hepatobiliary disorders were one of the primary indications for FFP, platelet concentrate and packed red cells transfusion.\[[@ref25]\] Indeed, studies show that plasma from patients with cirrhosis generates as much thrombin (the final enzyme of coagulation) as plasma from healthy subjects, provided that thrombin is measured by methods that reflect the action of both procoagulants and anticoagulants.\[[@ref22][@ref26]\] Thrombin generation *in vivo* and *in vitro* is down-regulated by thrombomodulin, a transmembrane protein situated on vascular endothelial cells that acts as the main physiologic activator of protein C.\[[@ref27]\] Plasma and reagents that are used to measure the PT do not contain thrombomodulin. Accordingly, this test measures the amount of thrombin generated in plasma as a function of the procoagulant drivers, but not the thrombin inhibited by the anticoagulant drivers, especially protein C, which is not fully activated in the absence of thrombomodulin. This might explain why the prothrombin-time test and related tests do not truly represent the balance of coagulation *in vivo* and are inadequate for assessing the risk of hemorrhage in those acquired conditions, such as the coagulopathies of liver disease.

The policy of preprocedural correction of coagulopathy based on deranged numbers may not be effective and may in fact be counterproductive for a number of reasons. It has been shown in several studies that abnormal preoperative coagulation tests are a very poor predictor of intra-operative bleeding.\[[@ref23][@ref28][@ref29][@ref30]\] The CCP namely INR was developed only for patients on oral anticoagulants and its use in other patient populations is not always appropriate. Moreover correction of a prolonged PT with FFP does not result in complete normalization, and the duration of the reversal is relatively short.\[[@ref31]\] Thirdly it leads to fluid overload and a subsequent increase of the central and portal venous pressure, which is already elevated in many cirrhotic patients. The increase in portal pressure is shown to result in increased bleeding during abdominal surgical dissection. On the other hand transfusion of blood products is associated with significant side-effects both infectious and non-infectious. Lastly, the use of blood products during liver transplantation has been shown to be a predictor of increased morbidity and mortality.\[[@ref32]\]

Our study further supports the finding that USG-CVC in patients with liver disease is safe and highly successful. On the basis of our study, the blind practice of preprocedural correction of coagulation can be questioned and further studies can be designed to see if there are any better predictors of bleeding complications in the form of viscoelastic test of coagulation instead of conventional coagulation assays.

CONCLUSION {#sec1-5}
==========

Our study concludes that the incidence of major vascular and non-vascular complications of USG CVC in patients of liver disease with deranged coagulation profile is low even in the absence of preprocedural correction of coagulopathy. The incidence of minor vascular complications is comparatively higher but acceptable and easily manageable.
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